AWARD  NUMBER:  W81XWH-14-1-0493 


TITLE:  Neuronal  Determinants  of  Motor  Disability  in  MS 

PRINCIPAL  INVESTIGATOR:  Roland  Henry 

CONTRACTING  ORGANIZATION:  University  of  California,  San  Francisco 

San  Francisco,  CA  94103 

REPORT  DATE:  October2015 

TYPE  OF  REPORT:  Annual 

PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  2.  REPORT  TYPE  3.  DATES  COVERED 

October  2015  Annual  30  SeP  2014  -  29  Sep  2015 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 


Neuronal  Determinants  of  Motor  Disability  in  MS 


5b.  GRANT  NUMBER 

W81XWH- 14  - 1 -  04  93 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Roland  Henry,  PhD 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


E-Mail:  roland.henry@ucsf.edu 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


University  of  California,  San  Francisco 
675  Nelson  Rising  Lane,  San  Francisco  CA 
94158 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


Approved  for  Public  Release;  Distribution  Unlimited 


14.  ABSTRACT 
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as  well  as  in  partial  development  of  fiber  tracking  techniques  for  segmentation  of  motor 
pathways  in  the  brain,  brainstem,  and  spinal  cord.  We  have  also  acquired  7T  MR  spectroscopic 
imaging  data  for  optimization  and  this  data  is  currently  being  processed  and  evaluated.  This 
work  when  completed  will  encompass  the  Aim  1  of  the  proposal.  In  aim  2,  we  propose  to  begin 
studies  with  the  optimized  protocol  in  MS  patients.  Our  project  timeline  is  between 
approximately  6  to  8  months  delayed  from  the  original  SOW  primarily  due  to  delays  in  human 
subiect  authorization  steps . 
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1.  Introduction 

The  purpose  of  this  project  is  to  identify  at  a  tissue  level, 
the  etiology  of  motor  disability  in  MS  patients.  Motor 
disability  is  one  of  the  primary  disabling  features  of  MS  and  is 
predictive  of  an  aggressive  progressive  course  of  the  disease. 
However,  to  date  the  associations  between  specific  regional 
tissue  injury  and  motor  performance  has  been  weak.  These  efforts 
have  been  particularly  handicapped  in  part  due  to  exclusion  of 
complete  imaging  of  the  spinal  cord  in  these  studies.  We  have 
developed  an  efficient  protocol  for  high  quality  imaging  of  the 
spinal  cord.  Utilizing  state  of  the  art  structural  and 
functional  network  changes  from  spinal  cord  and  brain  MRI , 
combined  to  neurophysiological  measures  of  motor  conduction,  we 
propose  to  determine  a  stronger  association  between  the  neuronal 
injury  and  motor  performance. 


2 .  Keywords 
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transcranial  magnetic  stimulation,  structural  networks, 
functional  networks,  functional  magnetic  resonance  imaging 


3.  Accomplishments 


Specific  Aim  1 

Timelin 

e 

UCSF 

Development  of  Quantitative  Metrics  of  Motor  Injury  in 

Controls  and  Multiple  Sclerosis 

Months 

Local  IRB  Approval 

1-2.5 

Dr. 

Henry 

Human  Research  Protection  Review  (DOD) 

2.5-4 

Dr. 

Henry 

Develop  reliable  segmentation  of  motor  neurons  at  the  cortex 
and  axons  traversing  the  brain,  brainstem  and  spinal  cord 

4-6 

Dr. 

Henry 

appropriate  to  MS  patients. 

Develop  reliable  measures  of  motor  neuron  injury  using 
quantitative  MRI  of  the  brain  and  spinal  cord. 

4-6 

Dr. 

Henry 

Develop  reliable  tissue  based  measures  of  motor  neuron 
function  and  metabolic  markers  with  MR  spectroscopic  imaging 
and  functional  MRI. 

4-6 

Dr. 

Henry 

Milestone(s)  Achieved: 

We  will  have  defined  an  optimized  protocol  for  acquisition  of  3T 
and  7T  MRI  data  to  study  of  the  structure  and  function  of  the  motor 
system  in  MS. 

Specific  Aim  2 

A  Modeling  of  Motor  injury  and  disability  in  Multiple 

Sclerosis 

Acquire  MR  markers  of  motor  neuron  injury,  function,  and  loss 
and  disease  related  metrics  in  MS  patients  at  a  baseline  and  1- 
year  follow-up  time  point. 

6-24 

Dr. 

Henry 

Determine  those  variables  that  are  correlated  with  motor 
function  in  a  cross-sectional  design. 

12-24 

Dr. 

Henry 

Determine  predictors  of  motor  function  change  at  1-year  follow¬ 
up. 

18-24 

Dr. 

Henry 

Milestone(s)  Achieved: 

(1)  We  would  have  specified  and  estimated  a  model  of  motor 
injury  and  disability  in  MS  patients. 

(2)  We  would  have  specified  and  estimated  a  predictive  model 
motor  injury  and  disability  in  MS  patients. 

a.  Major  Goals  of  the  Project 

The  project  is  divided  into  2  aims;  Aim  1  proposed  to  complete 
local  and  DOD  human  subject  approvals  and  development  of  an 
optimized  MRI  protocol.  Aim  2  includes  the  studies  in  MS 
patients  at  baseline  and  1  year  follow-up.  The  milestones  for 
Aim  1  are  the  completing  of  the  human  subjects  approval  and  the 
development  of  the  optimized  MRI  protocol. 

b.  Accomplishments  under  these  goals 

We  have  completed  the  human  subjects  approval  process  but  have 
not  been  able  to  complete  the  first  milestone  due  at  this  time 
primarily  due  to  the  much  longer  than  expected  time  required  to 
complete  the  human  subjects  authorization  phases  of  this  project. 
We  are  approximately  7  5%  in  completing  Aim  1  to  reach  the  first 
milestone  —  namely  development  of  an  optimized  MRI  protocol  for 
the  motor  system.  We  anticipate  completing  this  first  milestone 
in  the  next  2  months . 

Our  accomplishments  under  these  goals  were: 

•  Local  human  subjects  approval 


•  DOD  human  subjects  approval 

•  Acquisition  and  implementation  of  the  transcranial  magnetic 
stimulation  system  required  for  time  efficient  application 
of  our  proposed  technique.  This  step  created  a  further 
delay  in  the  project  since  the  in-house  stimulator  needed 
to  be  upgraded  due  to  age  incompatibilities  and  therefore 
we  needed  to  purchase  a  new  coil  for  use  in  this  project 
and  implement  on  an  alternate  but  similar  stimulation 
platform  in  the  same  lab. 

•  Development  of  a  high-resolution  spinal  cord  imaging  MRI 
protocol  and  test-retest  experiments  to  evaluate 
reliability  of  estimating  spinal  cord  grey  and  white  matter 
segments.  We  have  also  developed  a  novel  automated 
algorithm  for  delineation  of  spinal  cord  grey  matter  that 
has  been  validated  on  healthy  subjects  and  now  being  tested 
on  MS  subjects. 

•  Development  of  an  improved  algorithm  for  development  of  a 
structural  network  template  for  the  motor  network.  This 
algorithm  uses  recently  developed  clustering  algorithm  that 
enables  automatic  and  objective  methods  for  defining  fiber 
tracts  from  diffusion  MRI  data.  This  template  will  now  be 
tested  as  a  method  for  constructing  the  structural  motor 
networks  in  MS  subjects. 

•  We  have  acquired  scan-rescan  MR  spectroscopic  imaging  data 
on  healthy  controls  at  7T  and  these  data  are  now  being 
processed  and  evaluated. 

•  We  have  acquired  resting  state  fmri  data  on  healthy 
controls  and  these  data  are  currently  being  evaluated  in 
terms  of  the  relationship  between  motor  and  other  resting 
state  networks . 

c .  Opportunities  for  Training 

Three  bioengineering  graduate  students  are  doing  the  different 
methodological  developments  (spinal  cord  grey  matter 
segmentation,  function  MRI  motor  networks,  diffusion  MRI 
structural  networks)  under  the  supervision  of  Dr.  Henry.  This 
project  is  currently  also  providing  training  for  2  young  MS 
Neurologists  (working  on  the  transcranial  magnetic  stimulation, 
motor  assessments,  and  relating  to  imaging  metrics)  who  are 
acquiring  neuroimaging  skills  from  this  project.  These  efforts 
constitute  parts  of  the  graduate  thesis  work  for  the  graduate 
students  and  training  for  the  neurologists  towards  academic 
research  careers. 

d.  Dissemination  to  communities  of  interest 

We  have  made  abstracts  to  be  submitted  for  conference 
presentations  on  the  spinal  cord  segmentation  and  have  a 
manuscript  in  preparation. 


e .  Plans  for  the  next  reporting  period 

We  are  approximately  6  to  8  months  behind  in  the  statement  of 
work.  In  the  next  quarter  we  intend  to  complete  aim  1  and  reach 
the  first  milestone.  To  reach  this  end  we  need  to  acquire  data 
on  healthy  controls  with  all  the  techniques  currently  developed 
for  final  optimization.  Analyses  will  include  final  steps  in 
defining  structural  and  functional  networks  and  integrating  with 
spinal  cord  and  TMS  data.  In  this  step  we  also  need  to  define 
the  appropriate  motor  clinical  tasks. 

Given  the  delayed  statement  of  work,  we  anticipate  needing  an 
additional  3  quarters  (9  months)  extension  on  this  project.  In 
the  second  quarter  of  year  2,  we  will  begin  recruitment  of  MS 
patients  and  attempt  to  complete  recruitment  within  this  by  the 
third  quarter.  Therefore,  we  will  need  approximately  3  more 
quarters  to  get  the  1-year  follow-up  visits. 

f .  Impact 

Even  though  in  its  early  stages,  this  work  may  already  provide 
substantive  products.  In  particular,  the  automatic  segmentation 
method  is  an  important  advancement  in  the  ability  to  have 

objective  accurate  grey  matter  spinal  cord  areas  and  volumes. 

g.  Changes /Problems 

There  are  no  significant  changes  to  the  scope  or  implementation 
of  the  project.  However  the  timeline  needs  to  be  extended  by 
approximately  3  quarters  (9  months)  to  ensure  successful 

completion  as  proposed.  The  delays  brought  on  by  the  human 

subjects  approval  process  are  concluded  and  we  have  progressed 
towards  the  first  milestone  as  planned,  albeit  with  a  delayed 
timeline.  We  have  developed  higher-resolution  spinal  cord 

imaging  that  can  be  used  in  this  project.  In  order  to  take 
advantage  of  the  higher  resolution  higher  quality  spinal  cord 
data,  we  need  to  program  the  pulse  sequence.  We  propose  to  do 
this  work  to  the  benefit  of  the  proposed  project  if  it  can  be 
accomplished  before  MS  patient  recruitment  begins.  Our  MR 
physicist  who  is  funded  on  this  project  already  may  share  effort 
with  another  MR  physicist  in  our  lab  who  has  the  specialized 
knowledge  to  do  this  pulse  sequence  programming. 
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